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METHODS AND AGENTS MODULATING UP A/UP AR ACTIVITY 



The present invention provides methods and agents useful for the 
modulation of uPA/uPAR function, which can be employed in the diagnosis or 
therapy of several pathologies, including HIV infection, inflammation and 
cancer. 
5 Introduction 

Cell migration and disease 

The human body responds to pathogenic stimuli by locally producing 
specific inflammatory molecules and recruiting specialized cells from blood 
and nearby tissues. This occurs in almost all diseases, and contributes in most 
10 cases to the general defenses of the organism. However, sometimes the 
inflammatory reaction, or the lack thereof, also contribute to the disease itself. 
Neutrophils, monocyte-macrophages, lymphocytes, endothelial cells, 
fibroblasts are attracted by specific migratory stimuli and build up a defense 
response that causes the destruction and elimination of the disease agent or 
15 organism. A series of severe pathological entities can be ascribed to excess or 
deficiency of the migratory cell response. For example, immunodeficiencies 
may be caused by a failure of the inflammatory cells to rush to the damaged or 
infected site. Cell recruitment in itself, on the other hand, may cause 
destructive pathologies in which autologous cells attack and destroy cells and 
20 tissues, as in some auto-immune diseases. It would be particularly 
advantageous to be able to know in advance such situations in order to take 
special precautions. 

A special example among diseases is cancer. In this disease, a 
deficiency of the host lymphatic cells may be at the basis of the lack of 
25 humoral or cellular response against the cancer cells themselves, as it would 
be expected since cancer cells express very peculiar antigens. On the other 
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hand, cancer cells have the particular ability to invade nearby tissues and to 
metastasize at a distance; this process, however, is due not only to a property 
of cancer cells. Indeed, non-malignant stromal host cells do actively 
participate in establishing the malignant and hence the destructive and 

5 invasive phenotype. While the mechanisms involved are still largely unknown, 
it is clear that a cooperation of stromal and cancer cells is required for the 
malignant phenotype, and that the stromal cells both respond to stimuli 
arriving from the cancer cells and signal to cancer cells. The pharmacological 
block of the invasive phenotype of cancer, must therefore rely on actions on 

10 both cancer and stromal cells. Again, it would be particularly advantageous to 
be able to know in advance the specific contributions of each type of cells. 

Another special example is AIDS, a disease caused by HIV-1 and 
characterized by a progressive and severe immuno-deficiency and by a series 
of resultant deadly infections, tumors etc., caused by the immuno-deficiency 

15 itself. 

Finally, infectious diseases have to be considered, since foreign bacteria 
recruit neutrophils and monocytes/macrophages to the site of infection. 
Plasminogen activator of the urokinase-type fuPA) and its receptor fuPARl 
Urokinase-type plasminogen activator (uPA) is a serine protease that activates 
20 plasminogen to plasmin, a broad-spectrum serine protease itself. Plasmin is an 
important protease in fibrinolysis and its activity appears to be required also in 
wound healing. 

UPA is synthesized as an inactive precursor (pro-uPA) that undergoes 
proteolytic activation to uPA. Pro-uPA (and uPA) bind with high affinity (Kd 
25 of 0.1 nM) (Stoppelli, 1985; Vassalli, 1985) to a specific plasma membrane 
receptor (uPAR, CD87) that localizes its activity to the cell surface, thus 
restricting the area of activation of plasminogen (Stephens et al., 1989). The 
molecule of uPA can be divided in two fragments, each endowed with a 
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specific activity: the amino terminal fragment (ATF) has the receptor-binding 
activity, the carboxy- terminal fragment (also called low molecular weight 
urokinase) has the full proteolytic activity. 

UPAR (Dano, 1990) is a molecule present on the cell surface and 

5 formed by three repeats, characterized by a specific disulfides-pattern (see 
Figure 1 for a scheme). The three repeats, of about 90 residues each, are 
connected by two linker regions and define specific protein domains. The 
amino-terminal domain, Dl 5 has been shown to bind uPA directly, although 
other areas of the receptor (like domain D3) are also relevant in contacting 

10 uPA. uPAR is bound to the cell surface with a specific glycosyl- 
phosphatidylinositol (GPI) anchor, and hence lacks a trans-membrane and an 
intracellular moiety which would be typical of other receptors. Importantly 
(see below), the linker region between domain Dl and D2 contains a 
sequence, AVTYSRSRYLEC, to which a chemotactic epitope has been 

15 mapped (Blasi, 1997; Fazioli, 1997; Nguyen, 2000). 
Li gands of uPAR 

In addition to specifically binding uPA, uPAR is able to also bind 
vitronectin, hence being able to provide an anchorage to the cells when plated 
on vitronectin (Deng et al., 1996; Hoyer-Hansen, 1997; Sidenius, 2000; Waltz, 

20 1994). In addition, uPAR has been reported to interact with other molecules, 
like thrombospondin (Higazi et al., 1996), kininogen (Colman et al., 1997), 
although at lower affinity. Important among these appear to be the interactions 
with integrins (Simon, 2000; Tarui, 2000; Waltz et al., 1997; Wei et al., 1996; 
Xue et ah, 1994; Xue et al., 1997; Yebra et al., 1996). The interaction with 

25 integrins appears to have signaling properties, since it can affect cell adhesion 
(Wei et al., 1996) and cell migration (Degryse, 1999; Degryse, 2001; Yebra et 
al., 1996). Finally, interactions with other cell surface proteins like the 
mannose-6-phosphate receptor (Nykjaer, 1998) and the uPARAP (Behrendt, 
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2000) have been reported. 
UPAR and signaling 

In the last few years it has been convincingly shown that uPAR is a 
signaling receptor when it is activated by uPA. In this respect, the catalytic 
5 activity of uPA in some cases does not appear to be required. Binding of uPA 
to uPAR induces cell migration, cell adhesion and proliferation (Blasi, 1997; 
Chapman, 1997; Ossowski, 2000). A. Cell migration appears to be induced at 
physiological expression levels of uPAR, while cell adhesion and proliferation 
appear to require high levels of receptors, as those present in cancer or in 
10 transfected cells (Ossowski, 2000). In line with this possibility, mice lacking 
uPA or uPAR have a strong immunodeficient phenotype due to lack of 
migration of several inflammatory cells, and are unable to fight infection by 
C. neofonnans and P. aeruginosa (Gyetko, 1996; Gyetko, 2000). The 
migration-promoting activity of uPAR requires binding of uPA and is 
15 mediated by a pertussis toxin-sensitive receptor and requires the activation of 
a Src-family tyrosine kinase, and of ERKs (Fazioli, 1997; Nguyen, 2000; 
Ossowski, 2000; Resnati, 1996). Importantly, infection with B. The cell 
adhesion properties of uPAR are mediated by a lateral interaction with at least 
some of the cytoskeleton-engaged integrins and are mediated by caveolin (Wei 
20 et al., 1996; Wei et al., 1999). C. The proliferation properties, on the other 
hand, depend on a constitutive engagement of an a4-integrin by uPAR, 
resulting in constitutive activation of the proliferation-promoting ERK and 
inhibition of the growth-inhibiting p38-MAP kinase (Aguirre Ghiso et al., 
1999; Ossowski, 2000). 
25 UPAR and cell migration 

Exogenous uPA induces chemotaxis in a variety of cells (Boyle, 1987; 
Degryse, 1999; Fibbi, 1988; Gudewicz, 1987; Gyetko, 1994; Nguyen, 2000; 
Resnati, 1996; Webb et al., 2000). In-depth studies have shown that uPA 
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binding transforms uPAR into a ligand for a cell surface protein which can 
transduce its signal (Blasi, 1997). Upon binding of u-PA, a peptide epitope of 
u-PAR, which is otherwise hidden in the context of the molecule, comes at the 
surface of the molecule or becomes available because of cleavage of uPAR. 
5 The peptide has the sequence AVTYSRSRYLEC (Figure 1), and is located in 
the region linking domain Dl to D2 and endowed with chemotactic activity 
(Blasi, 1997; Fazioli, 1997). Recombinant fragments of u-PAR containing at 
least the SRSRY sequence ("activated" uPAR) induce migration in uPAR- 
lacking cells (Blasi, 1997; Fazioli, 1997). The chemotactic epitope of u-PAR 
10 remains active whether placed at the N- or at the C-terminal end of a 
recombinant fragment. Indeed, both domain Dl -SRSRY or SRSRY-domain 
D2-D3 are both chemotactically active (Blasi, 1997; Fazioli, 1997). Synthetic 
peptides containing at least the SRSRY sequence can efficiently substitute for 
uPA-uPAR interactions or for the addition of exogenous activated uPAR 
15 fragments (B. Degryse, 1999; Blasi, 1997; Fazioli, 1997). 
The uPAR-adapter 

Since uPAR lacks an intracellular domain, a trans-membrane adapter 
has been suggested to mediate the signaling effects of uPA/uPAR (Resnati, 
1996). The best evidence for the existence of an adapter is the finding that in 
20 cells lacking uPAR, a soluble modified form of uPAR can directly act as a 
chemoattractant. A sequence between domain Dl and D2 of uPAR has been 
shown to be responsible for this activity. In fact, a synthetic peptide 
corresponding to this region or the uPAR fragment carrying this peptide at the 
amino terminus (henceforth called "D2D388-278") has a very potent 
25 chemotactic activity and reproduces the signaling events evoked by uPA 
(Blasi, 1997; Fazioli, 1997; Nguyen, 2000). Chemotaxis induced by uPA and 
D2D3g8_279 in peripheral blood monocytes, in THP-1 myeloid precursors 
leukemic cells, cancer cells and smooth muscle cells is pertussis-toxin 
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sensitive and induces Hck and MEK phosphorylation. The latter are required 
for activity (Degryse, 2001; Nguyen, 2000; Resnati, 1996; Webb et al., 2000). 
UPA/uPAR and cancer 

It is a long time that pro-uPA, uPA and uPAR are known to be involved 
5 in the pathogenesis and malignancy of cancer and this knowledge is based 
upon: 1. uPA and uPAR are almost constantly overexpressed in human and 
model cancers (rev. in Ossowski, 2000). 2. Several approaches have shown 
that inhibition of uPA activity or of uPAR binding reduces the invasiveness of 
tumor cells in murine models of cancer in vivo, while overexpression 
10 increases it considerably (Crowley, 1993; Min, 1996; Ossowski, 1991; 
Ossowski, 1988; Ossowski, 2000). 3. High levels of pro-uPA or uPAR in 
tissues, serum or urine are a major negative prognostic marker in human 
cancer (Sier, 1998; Sier, 1999; Stephens, 1999). 
UPA/uPAR and inflammatory diseases 
15 Upon cell stimulation, u-PAR is expressed by circulating monocytes, 

neutrophils and T-lymphocytes but not by erythrocytes nor B-lymphocytes 
(Bianchi et al., 1996; Todd, 1985). In addition, u-PAR (CD87) is a target gene 
in lymphocytes and macrophage activation (Cao et al., 1995; Nykjaer, 1994). 
Indeed, monocytes and monocyte-like cells (like HL60, U937) express u-PAR, 
20 or are induced to overexpress u-PAR by a variety of cytokines and other 
agents, like phorbol ester PMA, phytohemagglutinin, bacterial liposaccharide, 
TGFpi/vitamin D3, GM-CSF, IFN , TNFa etc. In human T-lymphocytes, 
stimulation of the TCR/CD3 complex, treatment with lymphokines IL2, IL4, 
IL7 or the concomitant activation of the T cell receptor and integrins 
25 engagement, all induce u-PAR expression (Bianchi et al., 1996; Nykjaer, 
1994). It is also noteworthy, that u-PAR is expressed by tumor infiltrating T- 
lymphocytes and the migration of activated T-lymphocytes through 
reconstituted basement membranes, is at least in part, u-PA- and u-PAR- 
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dependent (Bianchi et al., 1996). In view of the important contribution of 
stromal cells to the invasiveness of cancer, it is also important to stress that in 
human tumors one of the cells that more than the others contributes to the 
overall u-PAR production is the tumor macrophage (Dano, 1994). Very 
5 importantly, uPAR expression is up-regulated by the infection of cells with 
the Spirochete Borrelia burgdorferi, the etiologic agent of Lyme disease, a 
pathogen that acquires uPA on its surface hence acquiring invasive properties. 
Likewise, exposure of cells to Salmonella typhimurium and Streptococcus 
pyogenes results in up-regulation of uPAR (Coleman JL, 2001). Lyme disease 
10 is characterized by inflammatory manifestations in skin, heart, CNS and 
joints, resulting inn tissue damage due to infiltration of inflammatory cells, 
primarily monocytes/macrophages. Interestingly, lipidated OspA hexapeptide 
from B. burgdorferi, as well as liposaccharide from S. typhimurium and 
lipotechoic acid from S. pyogenes were able to induce the release of suPAR 
15 from human U937 cells (Coleman JL, 2001). 

It is a long time that uPA and uPAR are known to be involved in 
inflammation. First, both molecules are upregulated by inflammatory agents, 
like the endotoxin liposaccharide or IL1-0 (Hasegawa, 1997). Moreover, uPA 
and uPAR activate typical inflammatory reactions like migration (Sitrin, 2000; 
20 Sitrin et al., 1999) and superoxide anion release (Cao et al., 1995) in 
neutrophils. Increase of uPA and uPAR has been shown in diseases with major 
inflammatory components like Crohn's disease (Desreumaux, 1999), 
inflammatory joint diseases (Cerinic, 1998; Del Rosso, 1999), rheumatoid 
arthritis (Braat and D.C., 2000; Slot, 2000; Slot, 1999) and Lyme disease 
25 (Coleman JL, 2001). Moreover, in murine models uPA and uPAR have been 
shown to be essential components in the response to pneumocistis carinii 
(Beck, 1999), in arthritis models (Busso N, 1998), in several vascular aspects 
of inflammation (Carmeliet P, 1997) and in peritoneal inflammation (May et 
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al., 1998). Finally, uPA/uPAR are expressed in differentiating dendritic cells 
and down regulated in the final stages of differentiation (Ferrero, 2000). 

Also in cancer cells, despite u-PAR is often expressed in stromal cells, 
u-PA and u-PAR can influence the migration of cancer cells. The "activation" 
5 of u-PAR on stromal cells can attract cancer cells through a chemokine-like 
action. In this case u-PAR would behave as a cell-surface chemokine. Indeed, 
chemokines anchored to a presentation molecule present in the extracellular 
matrix can attract other cells having specific receptors (Premack, 1996). Since 
uPAR is itself a membrane protein, it may not require a presentation molecule. 
10 Release of soluble u-PAR in the circulation i n human diseases 

Many receptors are found in blood. U-PAR makes no exception. It has 
been first found in the blood and ascitic fluid of ovarian cancer patients 
(Pedersen, 1993) and subsequently in tissues, blood or even urine of many 
other types of cancer, including leukemias. In most cases high levels of 
15 released su-PAR can be related to poor prognosis (Stephens, 1999). Also in 
other diseases, su-PAR level is increased in tissues or blood: i.e. Rheumatoid 
Arthritis (Slot, 2000; Slot, 1999) and particularly in AIDS (see below). 
Release of soluble uPAR was also observed upon infection of cells to Borrelia 
burgdorferi, Salmonella typhimurium and Streptococcus pyogenes (Coleman 
20 JL, 2001). 

ffPA/uPAR and AIDS 

Multiple evidence ties together uPA and uPAR with the HIV and AIDS. 
First, uPA and uPAR ecpression on T lymphocytes and monocytes is 
modulated by HIV infection (Speth, 1998) and uPAR is an activation antigen 
25 in T cells and is increased in AIDS patients (Nykjaer, 1994). Finally, it has 
been shown that uPA can directly cleave the viral gpl20 in the V loop, 
important for viral infection (Handley, 1996). 

We have recently measured the level of soluble uPAR (suPAR) in the 
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blood of a well defined, large cohort of HIV-positive individuals drawn prior 
to the introduction of the highly active anti-retroviral therapy regimens. In this 
cohort, the level of suPAR was found to be proportional to the severity of the 
disease state (i.e. serum-positive v. immuno-deficient v. AIDS) and was an 

5 extremely significant negative prognostic indicator (Sidenius, 2000). The 
prognostic significance of the levels of suPAR was independent of, and as 
indicative as, the decrease of CD4 + T-lymphocytes or a very high viremia. A 
low level of suPAR was found to be a good prognostic marker even in patients 
with high viremia and low CD4+ cells. Conversely, a high level of suPAR was 

10 a negative indicator even in patients with relatively high CD4 + cells and low 
viremia. The statistical significance of these correlations (Sidenius, 2000) 
suggests that the uPA/uPAR system may somehow intervene in the 
pathogenesis of AIDS. 
U-PAR fragments and human diseases 

15 In addition to an intact su-PAR (Sier, 1998), fragments of su-PAR are 

often found in cancer tissue and in cell lines. From their size and from their 
antibody reactivity these fragments correspond roughly to either a released 
domain Dl or to a released or cell-bound domain D2-plus-D3 (Hoyer-Hansen, 
1997; Hoyer-Hansen, 1992; Mustjoki, 2000; Solberg, 1994). Moreover, these 

20 fragments are also found in the conditioned media of, for example, U937 cells 
and their abundance relative to the intact su-PAR appears to be controlled 
(Sidenius, 2000). 

The discovery that those fragments of u-PAR that contain at their N- or 
C-termini the SRSRY minimal epitope have potent chemotactic activity 
25 (Blasi, 1997; Fazioli, 1997), demonstrates that some of the fragments which 
are produced in vivo may in fact be "activated" u-PAR molecules. Their 
production in a given tissue can profoundly change the migratory potential of 
the cells present in that tissue. Hence, it is very important to identify if such in 
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vivo u-PAR fragments represent in fact "activated" u-PAR. Such fragments 
have been found in serum or in tissues at low levels in the urine of normal 
individual (Sidenius, 2000) and at high levels in diseases such as leukemia 
(blood) (Mustjoki, 2000) and cancer (urine and tissues but not blood) 
5 (Sidenius, 2001), and may possibly be found in many others. In healthy 
individuals such fragments have never been found in the blood, and are 
present in very low amounts in their tissues and urine. However, the presence 
of the chemotactic epitope in these fragments cannot be evaluated except by 
complex methods involving protein purification and sequencing. 
10 U-PAR is very resistant to proteases with the exception of the linker 

region between domain Dl and D2 (Behrendt, 1991). This region can be 
cleaved in vitro by several proteases. Cleavage in this region results in the 
production of two unequal fragments of u-PAR, one containing domain Dl, 
the other domain D2-plus-D3. The nature of the cleaving protease will 
15 determine whether and how much of the chemotactic epitope is preserved in 
the u-PAR fragments. (Figure 1). For example, chymotrypsin cleaves between 
residue 87 and 88, leaving a D2-plus-D3 fragment with the SRSRYLEC amino 
terminus. This "activated" uPAR, when prepared in soluble form, has a very 
potent chemotactic activity on several cells and cell lines (Blasi, 1997; Fazioli, 
20 1997). Also uPA itself cleaves uPAR, at residue 84, producing a D2-plus-D3 
fragment with an amino terminal AVTYSRSRYLEC sequence (Hoyer- 
Hansen, 1997; Hoyer-Hansen, 1992). Again, this fragment is endowed with a 
very strong chemotactic activity. The synthetic peptide AVTYSRSRYLEC 
also has an extremely potent chemoattractant activity, such as shorter peptides 
25 that still contain the SRSRY sequence (Blasi, 1997; Fazioli, 1997). 
Alternatively, enzymes like plasmin can probably destroy the epitope as they 
cleave at both residue 90 and 92, i.e. within the SRSRY region (Resnati et al., 
1996). 
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The fact that u-PAR fragments are produced in vivo, and that their level 
is increased in several diseases suggests that they can be part of the disease 
itself. Hence, it will be important to measure their level and their molecular 
nature. 

5 Description of the invention 

L Pro-uPA and its analogs/derivatives inhibit HIV-infection and the 
reactivation of latent HIV 

The present invention relates to the effect of pro-uPA on the 
reactivation of latent HIV-1 or on the infection and replication of HIV- 1 in 
10 human cells. Ul cells harbour a latent HIV-1 which can be reactivated by 
various cytokines. In these cells, the proenzyme form (pro-uPA) of urokinase 
plasminogen activator (uPA) prevents the reactivation of HIV replication 
induced by PMA or TNF-alpha, and synergizes with anti-TNF-alpha 
antibodies and with TGF-beta in totally blocking this reactivation. In addition, 
15 pro-uPA also blocks the entry/infection of HIV in peripheral blood 
mononuclear cells (PBMC) without affecting cell proliferation. In accordance 
with these results, we have found that the U937 cells clones which sustain a 
rapid and efficient proliferation of HIV upon infection ("pW clones) display 
high levels of uPAR. On the contrary, other clones which show a much 
20 delayed and inefficient production of virus ("minus" clones) display a very 
low level of uPAR. Pro-uPA can be used together with other drugs to block 
HIV infection or its spreading. 

2. The seven trans-membrane receptor FPRL1/LXA4R mediates the 
chemotactic activity of uPAR 
25 Since uPAR has no trans-membrane domain, it cannot directly transmit 

to the cell the signal given by the binding of uPA. The pertussis toxin 
sensitivity indicates that a G protein-coupled, seven trans-membrane receptor, 
is involved. To identify this adapter, we have searched for a cell line in which 
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to introduce candidate adapters' cDNAs and test their response to D2D3gg_ 
278 in chemotaxis. An helpful information was available in the literature, 
which has focused our attention to the receptors for the bacterial chemotactic 
peptide fMLP. Indeed, chemotaxis by fMLP has been reported to require 

5 uPAR (Gyetko, 1994). Chemotaxis by fMLP is induced by two seven trans- 
membrane receptors, one of high affinity, FPR, and one of low affinity, 
FPRL1 (Prosnitz, 1997) (Murphy, 1996). The low affinity FPRL1 receptor 
also binds specifically to other ligands like lipoxin A4 (and hence it is also 
called LXAR) (Gronert, 1998), serum amyloid A (Su, 1999), LL-37 

10 cathelicidin (Yang et al., 1999), and several peptides including some derived 
from HIV gpl20 and gp41 (Chiang, 2000; Deng, 1999; Le, 1999). 
Interestingly, it appears that multiple signaling pathways can be activated 
through FPRL1/LXA4R, depending on the ligand (Chiang, 2000). 

Here we identify a seven trans-membrane, G-protein-coupled receptor, 

15 FPRL1/LXA4R, as the mediator of uPAR chemotactic activity. The inhibition 
of FPRL1/LXA4R reduces the inflammatory effects of uPA/uPAR. Hence, 
FPRL1/LXA4R constitues a novel target for anti inflammatory therapy. Since 
uPA/uPAR are also involved in the migration of cancer cells, and hence of 
their invasiveness and metastasis, FPRL1/LXA4R becomes a novel target for 

20 anti-metastatic therapy. In all these cases, the inhibitors would act at a step 
subsequent to the binding of uPA to uPAR. 

3. Antibodies to the seven trans-membrane, G-protein coupled 
FPRL1/LXA4R receptor inhibit the uPA/uPAR chemotactic and 
migration-promoting activity 
25 The present invention also regards the identification of a first inhibitor 

of the membrane mediator of the migration-promoting activity of uPA/uPAR, 
i.e. of FPRL1/LXA4R. FPRL1/LXA4R can bind multiple ligands. These 
include the formyl peptides (at high concentrations), lipoxin A4 and its 
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analogs, various peptides of the HIV proteins gp!20 and gp41, and proteins 
that work however in general at high concentrations. In addition, this receptor 
binds also a specific antibody raised against peptide ASWGGTPEERLK in the 
third extracellular domain of FPRL1/LXA4R (Fiore, 1995). 

5 Antibodies to the FPRL1/LXA4R receptor specifically block migration 

of human freshly isolated monocytes or of leukemic THP-1 cells induced by 
ATF/uPA-pro-uPA and mediated by uPAR binding. They also inhibit the 
chemotactic activity of the "activated" uPAR fragment D2D3s8_278- Such 
antibodies, in suitable pharmaceutical compositions, can be specifically used 

10 to arrest cell migration in hyper-inflammatory diseases like Crohn's disease, 
septic shock, rheumatoid arthritis, cancer and AIDS. 

4. Antibodies and ELISA to specifically recognize cleaved, "activated" 
forms of uPAR and to inhibit uPA/uPAR induced migration 

Polyclonal antibodies raised against the chemotactically active sequence 
15 AVTYSRSRYLEC specifically recognize cleaved ("activated") forms of u- 
PAR containing residues 84 and/or, 85, and/or 86, and/or 87 at the amino 
terminus. Antibodies generated by injecting the peptide AVTYSRSRYLEC 
into rabbits were found to be unable to recognize intact, full-length su-PAR. 
However, they identified cleaved form of D2-plus-D3 that contain at their N- 
20 termini the AVTYSRSRYLEC, or VTYSRSRYLEC or TYSRSRYLEC 
orYSRSRYLEC at the amino terminus. The antiserum did not recognize 
fragments with amino-terminal SRSRYLEC obtained by cleavage with 
chymotrypsin. An ELISA assay capable of specifically quantitating the 
concentration of D2-plus-D3 is also reported. Therefore, other antibodies 
25 (such as monoclonal antibodies) can be generated to specifically identify all 
possible fragments of D2 plus D3 relevant for human diseases. 

The present invention provides a method to identify and quantitate the 
presence of activated forms of u-PAR, the receptor for u-PA, the urokinase- 
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type plasminogen activator. The method comprises the production of 
antibodies that specifically identify the presence in tissues, in extracts, in 
biological fluids of natural or recombinant forms of u-PAR which contain at 
their termini the chemotactic peptide of u-PAR. The method also comprises 

5 the set-up of an ELISA (Enzyme-Linked Immuno-Sorbent Assay) to 
quantitatively assess in absolute or percentile terms the presence of said forms 
of u-PAR. The use of these method and reagents is important in a variety of 
diseases caused by deficient or excessive cell migration, where the production 
of activated forms of u-PAR is required. 

10 DESCRIPTION OF THE FIGURES 

Figure 1. - A scheme of the structure of uPAR. This is composed of three 
domains, Dl, D2 and D3. The linker region between domain Dl and D2 starts 
at Gly 83. UPA can cleave between residues Arg84 and Ala85, MMP-12 
between Thr86 and Tyr87, chymotrypsin between Tyr87 and Ser88 and 

15 plasmin between Arg89 and Ser90. Domain D3 is connected to the cell surface 
by a GPI anchor. 

Figure 2. - Pro-uPA and ATF, but not LMW uPA, inhibit HIV-1 reactivation 
induced by PMA (10 nM) in Ul cells. SuPAR blocks the effect of 
pro-uPA.Pro-uPA and other effectors added at zero time. 
20 Figure 3. - The anti-HIV effect of proUPA is reverted by R3, R4 and R5 
antibodies in Ul cells. Data are shown as average and STD of duplicates 
collected at peak of HIV expression (day 4), measured as RT activity 
(cpm/ul). a-TNP is an isotype-matched control. 

Figure 4. - Pro-uPA inhibits TNF-alpha (1 ng/ml) induced reactivation of 
25 HIV-1 in Ul cells (A). Pro-uPA and anti-TNF-alpha antibodies (1 ug/ml) (B), 
or pro-uPA (10 nM) and TGF-beta (5 ng/ml) (C) synergize in inhibiting HIV-1 
reactivation induced by PMA in Ul cells. Pro-uPA and all other effectors were 
added at zero time. 
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Figure 5. - uPA does not inhibit IL-6 induced reactivation of HIV-1 in Ul 
cells. IL-6 was used at 10 ng/ml. 

Figure 6. - Pro-uPA has different effects on HIV-1 replication of human 
... (A), ... (B) or ... (C). The reverse transcriptase activity (RT, cpm/^1)) was 
5 measured every 3-4 days for a total of 20-25 days. 

Figure 7. - Pro-uPA has no effect on cellular thymidine incorporation 
(expressed in % of control, i.e. cells not receiving pro-uPA). The data are 
separated for ... (A), ... (B) or ... (C). 

Figure 8A. - The ability of HIV-1 to replicate in different clones of U937 cell 
10 correlates with the level of expression of uPAR, as measured by ELISA.The 
"plus" clones (+) are those that replicate very efficiently and rapidly (2-3 
weeks). The "minus" (-) clones replicate very inefficiently and slowly (6 to 7 
weeks). PMA, when used, was at 10 nM. 

Figure 8B. - Immuno-blot analysis of extracts of untreated or PMA-treated 
15 (10 nM) U937cells clones. cSB and clO are "plus" clones (high replication of 
HIV-1. cl2 and c34 are "minus" clones (low replication efficiency). 
Figure 9: - Identification of the uPAR adapter. A. Effect of the antibody vs. 
peptide 3 (dilution I to 100) on the migration promoted by D2D3gg-278 in 
human THP-1 cells. B. Desensitization experiments with fMLP. Chemo- 
20 attractants were used at the indicated concentrations. 

Figure 10. - D2D3 stimulates chemotaxis of HEK293 only when they are 
transfected with the FPRL1/LXA4R cDNA. D2D3 88 . 2 78 was obtained by 
cleavage of full length suPAR with chymotrypsin, and purification of the 
fragment. 

25 Figure 11. - Immuno-blotting analysis of murine uPAR. In peritoneal 
macrophages of wt mice (lane 1), uPAR is present in the full length (36 kD) and 
in the cleaved D2D3 form (26 kD). In uPA-deficient mice (lanes 2 and 3), the 
26 kD form is missing. The absence of bands in the macrophages of uPAR- 
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deficient mice (lanes 4 and 5) demonstrates the specificity of the antibodies. 
Figure 12. - Scheme of activation of migration through uPA/uPAR. uPA binds 
to uPAR and cleaves it at the D1-D2 linker region. The "activated" uPAR then 
binds the FPLR1/LXA4R which transduces intracellular^ its migratory signal. 

5 Figure 13. - D2D3-induced chemotaxis in monocytes is specifically blocked 
by anti-bodies specifically recognizing FPRL1/LXA4R. Human peripheral 
blood monocytes were stimulated with none, or with D2D3 88-278 at two 
concentrations or MCP-1 at 2 nM (see scheme), no = no antibodies. N.I. = non 
immune serum. a-FPRLl = anti-FPRLl antibodies. 

10 Figure 14. - Anti-FPRL1/LXA4R antibodies specifically inhibit ATF-induced 
chemotaxis. Antibody was diluted 1:20, but works as well also at 1:100. 
Figure 15. - Use of the anti-peptide 3 antibody to identify specifically 
activated uPAR fragments. Full-length human suPAR and D2D3 fragments 
with different amino termini were run in SDS-PAGE, blotted and tested with 

15 two different antisera. D2D3(88) is the fragment generated by cleavage of 
suPAR with chymotrypsin. D2D3(84)FLAG and D2D3(92)FLAG have been 
generated by recombinant DNA technology and also contain a carboxy- 
terminal FLAG epitope. 

Figure 16. - Enzyme-linked Immunosorbent Assay (ELISA) of suPAR and 
20 D2D3 fragments with different amino termini. SuPARcutCT is a D2D3 
preparation obtained by cleavage of suPAR with chymotrypsin and 
purification (i.e. amino terminus at residue 89). suPARcutMMP12 isa D2D3 
fragment obtained by cleavage with MMP-12 and purification. 
EXAMPLE 1 

25 Pro-urokinase (pro-uPA) and its derivatives uPA and ATF, inhibit the 
replication of HIV-1 in latently infected monocytoid cell lines and in 
freshly infected human blood cells. 

Latent HIV infected cells provide a cellular population resistant to anti- 
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retroviral therapy and represent the mechanism for lifelong persistence of HIV 
(Finzi et al., 1999). The promonocyte U937 cell line is one of the most 
utilized models for studies on in vitro HIV infection. It displays both CD4 and 
CXCR4 and, therefore, can be infected by X4 viruses. From this cell line has 
5 been derived the chronically infected cell line named "Ul", containing two 
copies of integrated proviruses, and broadly used as a model of viral latency 
and reactivation (Folks et al., 1988). The Ul promonocyte cell line is one of 
the most thoroughly characterized models of post-integration latency. It was 
obtained from a population of U937 cells surviving the cytopathic effect of 
10 acute infection by HIV-lLAI/IIIB (X4), and contains two copies of integrated 
proviruses (Folks et al., 1987; Folks et al., 1988). In the absence of 
stimulation, Ul cells expresses low levels of multiply spliced 2 kb HIV-1 
transcript (Butera et al, 1994) encoding the regulatory proteins Tat, Rev and 
Nef (Pomerantz et al., 1990). Several studies have subsequently demonstrated 
15 that the state of relative latency in Ul cells is a consequence of defective Tat 
function (Cannon et al., 1994; Emiliani et al., 1996). High levels of virus 
production can be rapidly induced by stimulation of Ul cells with pro- 
inflammatory cytokines, such as tumor necrosis factor-a (TNF-a), IL-6, IL-ip 
(Vicenzi et al., 1997), through the activation of MAPK and consequent 
20 stimulation of AP-1 and NF-*B (Yang et al., 1999). Alternatively, reactivation 
of virus replication can also be achieved by production of endothelium- 
derived soluble factors including MCP-1, TNF-a and IL-6 (Borghi et al., 
2000), and by chemical agents such as phorbol-myristate acetate (PMA) 
(Folks et al., 1988). In addition to HIV-inducing agents, inhibitor agents have 
25 also been reported. These include the interferon-inducible double-stranded 
RNA dependent p68 protein kinase that inhibits TNF-a-induced HIV 
replication (Muto et al., 1999), and TGF-P that inhibits PMA-induced HIV 
expression (Poli et al., 1991). 
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It has been previously reported that different clones of U937 cells, 
originated by limiting dilution, could be divided in two distinct categories 
named "Plus" and "Minus", to describe their differential ability of sustaining 
productive HIV infection. Infection of plus clones typically shows a peak of 

5 virus replication between the second and the third weak, whereas minus clones 
are substantially delayed (typically, the peak of virus replication is observed 
after 6-9 weeks from infection) and sometimes with very low levels of virus 
production (Franzoso et al., 1994). We have measured the levels of uPAR in 
"plus" and "minus" clones and correlated thse values with the ability to 

10 sustain viral replication. We find that low levels of uPAR correlate with high 
levels of viral replication. 
Materials and Methods 
Reagents 

uPA, uPAR, suPAR, LMW-uPA, ATF, R2, R3, R4, R5 antibodies have 
15 been thoroughly described in the literature (Blasi, 1994; Ronne, 1991). 
Phorbol-myristate acetate (PMA) (Sigma, Milano, Italy) was used at 10" M, 
recombinant IL-6, TGF-p, TNF-oc and polyclonal antibody antiTNF-a and 
isotype were purchased from R&D Systems (Minneapolis, MN) and used at 
the final concentrations of 10, 5 and 1 ng/ml, and lpg/ml respectively, as 
20 previously reported (Poli, 1990; Poli et al., 1990). 
Cell proliferation 

Cell proliferation was assessed using 3 H-thymidine uptake assay. One 
uCi of 3 H-thymidine was added to 2xl0 4 cells in 100 pi medium and 
incubated 16 h at 37°C, 5% C0 2 . Cells were harvested and counted in a 
25 P-counter (TopCount, Packard, Downers Grove, IL). 
Cell lines 

Ul cells were stimulated at the density of 2x10 s cells per ml in RPMI 
1640 (Whittaker M.A. Byproducts, Walkerville, Md.) containing 10% FCS. 
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Cells were preincubated with uPA, uPAR, suPA, R2, R3, R4, R5 antibodies 
for 20 min at 37°C prior to addition of stimuli. Ul parental cell line U937 was 
used as a control in the transfection experiments. U937 cells were purchased 
from ATCC and maintained in RPMI 1640 medium in the presence of FCS 

5 before and after infection with the X4 HIV-l LAI/m B. For infection, cells were 
seeded at 2x1 0 5 cells/ml in 96-well flat bottomed plates (Falcon, Becton- 
Dickinson Labware, Lincoln Park, NJ) and infected with l-2xl0 7 virus 
particles diluted from a stock of pelleted virus (Advanced Biotechnology, Inc., 
Columbia, MD). After infection, 2 h at 37 °C, cells were washed and 

10 resuspended in RPMI 1640 medium. 

Viral expression was monitored by determination of Mg 2+ -dependent 
Reverse Trascriptase (RT) activity in culture supematants (Poli, 1990). In 
particular, 5 microliters of supematants was added to 25 microliters of a 
mixture containing poly(A), oligo(dT) (Pharmacia Fine Chemicals, 

15 Piscataway, NJ), MgC12, and 32P-labeled deoxythymidine 5'-triphosphate 
(dTTP) (Amersham Corp., Arlington Heights, IL), and incubated for 2 h at 
37C. 6 microliters of the mixture was spotted onto DE81 paper, air dried, 
washed five times in 2x SSC buffer, and two additional times in 95% ethanol. 
The paper was then dried and counted on a scintillation counter (LS 5000, 

20 Beckman Instruments, Inc., Fullerton, CA). 
Viruses 

Two R5 HIV-1 strains were used in this study, ADA and Bal. Both 
HIV-1 stocks were prepared in primary PBMC, supematants were filtered, 0.2 
urn, aliquoted and stored at -80 °C. 
25 Preparation of primary cells and infection conditions 

PBMC were obtained from Ficoll-Hypaque (Amersham Pharmacia, 
Uppsala, Sweden) separated blood of seronegative donors, resupended in 
RPMI 1640 containing 10% FCS and allowed to activate by PHA (5 
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micrograms per ml) (Sigma, Milan, Italy) or IL-2 (20 Units per ml) (Chiron, 
Emeryville, CA). After 3 days cells were washed and resuspended in medium 
containing IL-2. 

MDM cells: PBMC were separated onto an isoosmotic Percoll gradient 
5 (Amersham Pharmacia). Purity was consitently >90%, as determined by FACS 
analysis of CD14 expression. Monocytes were seeded in 48-well plastic plates 
(Falcon, Becton Dickinson Labware) at one milion per ml in DMEM 
(BioWhittaker) supplemented with 10% FCS (Hyclone) and 5% pooled human 
serum, and allowed to differentiate for 5-7 days. Media and sera were 
10 monitored for low content of endotoxin by the Limulus amoebocyte lysate 
assay (BioWhittaker). 

Before infection cells were pretreated with proUPA (at 37C and 
5%C02) for 10 minutes, at the indicated concentration. Primary cells were 
infected with 0,1 MOI of an R5 HIV strain. After two hours of adsorption, at 
15 37C and 5% C02, virus was extensively washed out and medium containing 
new aliquot of proUPA was added. Fifty percent of culture medium was 
changed every 3 days and new medium containing proUPA was added back. 
Measurement of uPAR antigen 

Cells were harvested by centrifugation, washed twice with PBS, and 
20 lysed in PBS containing 1% Triton X-100. The total protein concentration was 
determined using a kit (Dc Protein Assay, BIO-RAD) with BSA as standard, 
and concentration of uPAR antigen by a commercial uPAR ELISA kit (UR-1, 
Monozyme, Denmark). 

Statistical Analysis 

25 For all experiments, culture supematants were collected every day for 

five days, in the case of cell line, or every three days for infection of U937 
and primary cells. Reagents were replenished every time culture medium was 
changed. Data representative of one out of three independent experiments are 
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shown. Results are presented as means of triplicate cultures, and the error bar 

show the standard deviation from the mean. 

Results 

a. Pro-uPA and ATF inhibit HIV-1 expression in PMA and TNFalpha, 
5 but not IL-6, stimulated Ul cells. 

We have tested whether pro-uPA interferes with the induction of HIV-1 
by various cytokines. As shown in Figure 2A, treatment with pro-uPA causes 
a concentration-dependent decrease of PMA-induced HIV-1 replication as 
measured by RT activity. Inhibition is not complete, reaching about 60% at 1- 

10 10 nM pro-uPA. The effect of pro-uPA is specific as can be blocked by a 
recombinant suPAR (soluble uPAR) which specifically binds pro-uPA 
preventing its association to the cell surface uPAR (Figure 2D). The effect of 
pro-uPA might be due to its conversion to uPA and subsequent plasmin 
formation from serum plasminogen. Alternatively, it might act by binding to 

15 uPAR inducing a signal-transduction pathway in competition with PMA. The 
inhibition of pro-uPA effect by suPAR suggests the latter possibility, suPAR 
acting as a pro-uPA scavenger, since the pro-uPA-suPAR complex is still 
enzymatically active but unable to bind cell surface uPAR. To confirm this 
possibility, we tested both LMW uPA and ATF. LMW-uPA is the carboxyl- 

20 terminal domain of uPA with full enzymatic activity and no receptor binding 
affinity. ATF is the amino terminal fragment of uPA with full receptor- 
binding and no enzymatic activity (Stoppelli, 1985). As shown in Figure 2B, 
LMW uPA does not inhibit PMA-induced HIV-1 expression. On the other 
hand, ATF fully reproduces the pro-uPA effect (Figure 2C). Overall, these 

25 data suggest that pro-uPA inhibition of PMA-induced HIV-1 expression 
requires an interaction between pro-uPA and its cell surface receptor, uPAR. 
In agreement with this possibility, anti-uPAR antibodies (R3, R5) that prevent 
the pro-uPA/uPAR interaction also inhibit the effect of pro-uPA (Figure 3). 
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On the other hand the antibody R4, which does not interfere with pro-uPA 
binding, has no effect. We conclude, therefore, that the inhibition of HIV- 1 
replication by pro-uPA requires an interaction with uPAR. 

High levels of virus production can be obtained in Ul cells also by 
5 stimulation with the pro-inflammatory cytokines TNF-alpha and IL-6. These 
agents activate HIV-1 expression by activating transcription through NF-kB- 
dependent (TNF-alpha) or post- transcriptional mechanisms (IL-6) (Duh et al., 
1989; Osborn et al., 1989; Poli et al., 1990). UPA (and pro-uPA) is also able 
to inhibit TNF-ct-induced HIV replication (Figure 4A). Since the effect of 
10 PMA on HIV-1 replication is in part dependent on the induction of TNF-alpha 
secretion, and hence partly inhibited by an ant i-TNF- alpha antibody (Poli et 
al., 1990), one would expect the combination of the anti-TNF-alpha antibody 
with pro-uPA to be a more potent inhibitor of PMA-induced HIV-1 
replication/expression. As shown in Figure 4B, while anti-TNF-alpha and pro- 
15 uPA individually inhibit HIV-1 replication about 70%, together the reach a 
bigger effect, inhibiting by over 90%. This result suggests that pro-uPA and 
TNF-alpha act on a parallel signaling pathway. 

TGF-(5 also inhibits PMA-induced HIV-1 replication/expression (Poli et 
al., 1991) in a NF-JtB independent way. As shown in Figure 4C, addition of 
20 the TGF-P and pro-uPA combination results in an additive inhibitory effect, 
about 90% inhibition with respect to the 60% obtained with only one reagent. 
These results therefore strongly indicate that pro-uPA interferes with a 
signaling step different from those activated by TGF-p <dTNF- a aidindicate 
that these steps are activated. 
25 Unlike for PMA and TNF-a pro-uPA has no effect on the IL-6 

dependent HIV-1 replication in Ul cells (Figure 5). Overall the results 
obtained with different citokines, suggest that pro-uPA acts by interfering 
with one specific signaling pathways that can lead to the inhibition of virus 
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expression. 

b. Ul cells express cell surface uPAR and shed it to the conditioned 
medium. 

Since the inhibition by pro-uPA of HIV-1 replication requires an 
5 interaction with uPAR, we have tested whether Ul cells express uPAR. The 
test was performed by an immuno-blot analysis of lysates of Ul cells, 
demonstrating the presence of a specific band reacting with anti-uPAR 
monoclonal antibodies. A similar analysis of the conditioned media shows the 
presence of uPAR in both untreated and PMA-treated Ul cells, in which 
10 uPAR is increased. Measurement of the amount of uPAR by ELISA gave 
essentially the same results (data not shown). These data are in agreement 
with previous reports showing that PMA can induce uPAR in U937 cells 
(Picone, 1989). 

c. proUPA affects HIV-1 replications in primary cells. 

15 When assayed on human peripheral blood monocytic cells (PBMC), 

pro-uPA was found to also affect the replication of HIV. However, 
qualitatively the effect of pro-uPA was shown to be dependent on its 
concentration and on the nature of the cells. In fact in the PHA-stimulated 
PBMC and IL-2 stimulated PBMC we found no effect of pro-uPA at 1 nM and 

20 a large inhibition of virus growth at 10 nM (Figure 6A and B). With 
monocytes derived macrophages, on the other hand, low concentrations of 
pro-uPA (10 nM) stimulated virus expression while higher concentrations 
inhibited it (Figure 6C). Pro-uPA was not toxic to the cells: at 10 nM pro-uPA 
it showed essentially no effect on cellular proliferation as measured by H- 

25 thymidine uptake in uninfected PHA-stimulated PBMC, virus infected PHA- 
stimulated PBMC nor in uninfected resting PBMC (Figure 7A, B, C). 

d. Correlation between viral replication and uPAR expression level. 
We compared the levels of uPAR in various clones of U937 cells 
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distinguished by their high ("plus" clones) or low efficiency ("minus" clones) 
in supporting HIV replication. Figure 8 A shows a correlation between the 
ability of HIV to replicate and the levels of uPAR measured by an ELISA. 
Non stimulated clones of U937 cells capable of sustaining productive HIV 

5 infection ("plus" clones: cSB and clO) expressed around 10-fold less uPAR 
than did U937 clones displaying delayed and/or reduced productive HIV 
infection ("minus" clones: cl2 and c34). This difference was even bigger 
(around 30-fold) when cells were stimulated for 24 hours with PMA, since the 
"plus" clones were unable to up-regulate uPAR. Figure 8B shows an 

10 additional approach to compare the levels of uPAR in the minus and plus 
clones, performed by immunoblotting of equal amounts of proteins from 
lysates of two clones each. This example clearly demonstrates that productive 
HIV infection of U937 cells inversely correlates with the expression level of 
uPAR. Indeed, cell clones able to sustain a high efficiency of viral replication 

15 have a very low uPAR level and do not even increase uPAR expression under 
conditions (treatment with PMA) in which uPAR is normally induced several 
fold in the same cell line (Picone, 1989). 
EXAMPLE 2 

Chemotaxis induced by uPA and "activated" uPAR fragments is mediated 

20 by the chemokine receptor FPRL1/LXA4R. 

UPA and uPAR induce and are required for the chemotaxis of 
monocytes, THP-1 leukemic cells and several other cells. The derivative of 
uPA, ATF (amino terminal fragment), or the pro-enzyme pro-uPA have the 
same effect. In addition, the activated forms of uPAR (cleaved after residue 

25 84) also activate chemotaxis. For all these stimulants, and in all cells tested, 
the mechanism remains the same (Degryse, 1999; Degryse, 2001; Fazioli, 
1994; Resnati, 1996). In particular, these agents eventually rely on the 
activation of a trans-membrane mediator. After binding to uPAR, uPA cleaves 
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uPAR or modifies its conformation ("activation") to make it cleaved by 
between domain Dl and D2. The data show that the so-"activated" uPAR must 
interact with trans-membrane mediator that in turn transduces the migratory 
signals of pro-uP A/uP AR (Fazioli, 1994) (Blasi, 1997). This is due to the fact 
5 that uPAR is present on the outer cell surface and lacks an intracellular 
portion. 

The chemotaxis by uPA and derivatives or by activated uPAR 
molecules (and the signaling pathway activated therefrom) is inhibited by 
pertussis toxin (Degryse, 1999; Degryse, 2001; Fazioli, 1994; Resnati, 1996). 

10 This is a property of G protein-coupled receptors, a family of proteins that 
include chemotactic receptors like chemokine receptors. The pertussis toxin 
sensitivity suggests therefore that the trans-membrane mediator (adapter) of 
the uPA/uPAR chemotaxis might be a G protein-coupled receptor. 
Materials and Methods 

15 Materials 

Rabbit polyclonal antibodies specific for mouse uPAR were a kind gift 
of Dr. Gunilla Hoyer-Hansen and Prof. Keld Dano. The source of 
chemoattractacting agents has been described before (Blasi, 1997; Fazioli, 
1997; Resnati, 1996). 

20 Peptide 3 (AVTYSRSRYLEC) (Blasi, 1997) antiserum was prepared by 

chemical synthesis, coupling to keyhole limpet hemacyanin (KLH), and 
injection into rabbit using standard methods. The peptide-3 specific 
immunoglobulins were purified by affinity chromatography on peptide 3- 
Sepharose columns, by standard methods. 

25 Cells 

The THP-1 cells used in the present example have been previously 
described (Resnati, 1996). Human HEK293 cells were kindly donated by Dr. 
Hal Chapman and human HEK293/FPRL1 from Dr. J.M. Wang. HEK 293 
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cells do not express uPA, pro-uPA or uPAR. They also do not express fMLP 
receptors, in particular FPRL1. HEK293/FPRL1 cells have been generated by 
transfection of FPRL1 cDNA in HEK293 cells (Murphy, 1996). 
Chemotaxis 

5 Chemotaxis assays were performed as described (Degryse, 1999) with 

modified Boyden chambers using filters (5 |nm pore size, Corning) treated 
with collagen 1 (100 |ig/ml) and fibronectin (10 |ig/ml, Boehringer 
Mannheim). 20,000-40,000 cells in serum-free DMEM were added to the 
upper well while the chemoattractants were added to the lower well. When 

10 present, antibodies or desensitizing molecules were pre-incubated with the 
cells for one hour and were then added to both wells of Boyden chambers 
during the chemotaxis assay. Migration lasted for 60-120 in the case of THP-1 
cells and 4-6 hours for the HEK293 or HEK293/FPRL1 cells. After migration 
at 37°C, cells remaining on the upper surface of filters were scraped off, the 

15 filters were fixed in methanol and stained in a solution of 10% (w/v) crystal 
violet in 20% (v/v) methanol. The experiments were performed in triplicate 
and the results presented represent the mean ± SD of the number of cells 
counted in ten high power fields per filter and are representative of at least 
three experiments. Random cell migration, i. e. migration in the absence of 

20 chemoattractant, was given the arbitrary value of 100%. 
Cytofluorimetr 

To test for the presence of various surface markers on different cells, 
we have employed cytofluorimetry. Antibodies recognizing specifically 
monocytes were directed versus CD 14 (Pharmingen, CA, U.S.A.). R2 
25 monoclonal antibody was used for uPAR (Ronne, 1991) and the anti-FPRLl 
antibody (Fiore, 1995) was obtained from Dr. Mario Romano. 

Isolation of mouse peritoneal macrophages 

Murine macrophages were isolated by repeated washes of the peritoneal 
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cavity of euthanized mice, with Dulbecco minimum essential medium 
(DMEM) supplemented with 5% FBS. To increase the efficiency of recovery, 
mice were injected with 1 ml of 3% Thioglycollate, and macrophages 
collected 3-5 days later. The purity of the preparation was determined by flow 
5 cytometry analyses with anti-MAC-1 monoclonal antibodies. 
Immunoblotting analysis 

Total cell extracts in PBS 1%-Triton X100 were incubated at 95°C for 3 
min. in 0.5% SDS and 2 mM DTT in a final volume of 10 Proteins were 
deglycosilated (Behrendt, 1991; Sidenius, 2001) by addition of deglycosilation 

10 buffer (PBS containing 0.5% Triton X100 and 15 mM EDTA), 1 unit of 
peptide-N-glycosidase F (PNGase-F) and incubation at 37°C overnight. For 
Western blotting the samples were run on 12% SDS-PAGE gels under 
reducing conditions, blotted onto a PVDF membrane and reacted with horse 
radish peroxidase-conjugated anti-rabbit IgG. Positive staining was revealed 

15 with Super Signal West Dura Extended Duration Substrate from Pierce Chem. 
Co. The rabbit polyclonal antibody directed against the murine uPAR was 
used at 1 ng/ml for the western blotting analysis. 
Results 

4. The chemotactic epitope of uPAR is essential in promoting THP-1 

20 chemotaxis. 

In order to test whether chemotaxis by uPA/ATF/pro-uPA and by 
"activated" uPAR really depends on the chemotactic epitope identified in the 
linker region between domain Dl and D2 (Blasi, 1997; Fazioli, 1994), we 
have generated an antibody to the synthetic peptide AVTYSRSRYLEC, and 

25 tested peptide-specific IgG in chemotaxis experiments with THP-1 cells. As 
shown in Figure 9A, ATF induced chemotaxis in THP-1 cells in the presence 
of irrelevant antibodies. However the effect was strongly reduced in the 
presence of 10 ^lg/ml anti-peptide 3 IgG. This experiment shows that a 
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reagent that specifically interferes with the chemotactic epitope of uPAR can 
inhibit uPA-uPAR dependent cell migration, even though it does not prevent 
the binding of uPA to uPAR. 
5. Desensitization experiments. 
5 Chemoattractants can de-sensitize each other by occupying the binding 

site of a G-protein coupled receptors. Alternatively, they also act indirectly by 
inducing the phosphorylation of other receptors. To identify the trans- 
membrane adapter mediating the uPA/uPAR chemotaxis, we have exploited 
the property of desensitization and have looked for a chemoattractant able to 
10 de-sensitize cells monocytes or THP-1 cells from uPA. 

To induce chemotaxis in a uPA/uPAR-dependent way, we have 
employed in this example D2D3 8 8-279> a chymotrypsin-cleaved, soluble, 
purified form of uPAR endowed with potent chemotactic activity (Resnati, 
1996). As a de-sensitizing chemokine, we have used the bacterial formylated 
15 peptide fMLP (formyl-methionyl-leucyl-phenylalanine). As shown in Figure 
9B, fMLP de-sensitizes THP-1 cells from D2D3gg-279 inhibiting chemotaxis 
by 50% at around 10-20 p-M. However, de-sensitization is specific for 
D2D388-279 since mL? did not affect MCP " 1 chemotaxis except marginally 
at very high concentrations (200 ^M). 
20 The chemokine fMLP activates chemotaxis through two different 

receptors: a low affinity receptor FPRL1 (also called LXA4R), and an high 
affinity receptor, FPR. Since fMLP de-sensitized against D2D388-279 and 
ATF at 20 uM, the receptor involved in the desensitization of chemotaxis by 
D2D3g8-279 must be FPRL1/LXA4R and not FPR. 
25 6. Transfection of the FPRL1 cDNA in cells not responding to 
D2D388-279 confers D2D388-279 responsiveness. 
In order to positively prove that any given molecule mediates the 
signaling by uPA/uPAR, it would be advantageous to have available a cell line 
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not expressing uPA, uPAR nor the mediator itself, and hence not responding 
to the chemotactic stimuli of either uPA/pro-uPA/ATF or of activated uPAR. 
We found that the HEK293 cells do not express uPA nor uPAR and do not 
respond to uPA/ATF nor to D2D388-279 (Figure 10). We have therefore 
5 compared the effect of D2D3 88-279 on HEK293 vs. HEK293 cells transfected 
with FPRL1/LXA4R. As shown in Figure 10, HEK293 do not respond to 
D2D3 88-279 in chemotaxis. However, HEK293 transfected with 
FPRL1/LXA4R respond well with a maximum at about 0.1 nM D2D388-279- 
This result indicates that transfection of HEK293 cells with the FPRL1 cDNA 
10 is sufficient to confer the uPAR-responsiveness. 

7. Mouse macrophages lacking the uPA gene do not cleave uPAR 

Mice which are genetically uPA-deficient are also immuno-deficient 
because their macrophages and T-lymphocytes are unable to migrate to the 
sites of infection (Gyetko, 1996). The same effect is observed in the uPAR- 
15 deficient mice (Gyetko, 2000). The migration-deficiency of the uPA-null mice 
might be due to the inability of the cells of these mice to cleave (activate) 
surface uPAR, because of the lack of uPA. If this were the case, one would 
expect uPAR to be found intact in the cells of a uPA k.o. mouse. Figure 1 1 
shows an SDS-PAGE and immuno-blotting analysis with specific rabbit 
20 polyclonal antibodies directed to murine uPAR, in which lysates (in 
duplicates) of thioglycollate-elicited peritoneal macrophages from wt, uPA- /_ 
and uPAR-/- are compared. The extracts were first de-glycosylated and 
subsequently run on SDS-PAGE, blotted on PVDF filters and challenged with 
the anti-mouse uPAR antibodies. As shown in Figure 11, the extract from 
25 peritoneal macrophages of wt mice (lane 1) shows two specific bands, 35 and 
25 kD respectively, when blotted with the anti-mouse uPAR antibody. These 
correspond to the molecular weights expected for human full length and D2D3 
uPAR (Behrendt, 1991; Sidenius, 2000), and therefore are likely to correspond 
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to the same species in mouse (lanes 2,3). On the contrary, extracts from 
uPA-/- macrophages only show the upper band, i.e. full length uPAR. The 
absence of the bands in uPAR"/' macrophages extracts (lanes 4,5) 
demonstrates the specificity of the natibodies. The data therefore show that a 
5 fragment corresponding to the size of a D2D384-278 does not accumulate in 
uPA* /_ mice, and hence that the cleavage between domain Dl and D2 may not 
occur in uPA"/" mice. The mmobility of this fragment is identical to that 
observed in human cells, and which has been identified as D2D3 84-278 bv 
amino acids sequencing (Hoyer-Hansen, 1992; Solberg, 1994). This result 
10 correlates with the deficient cell migration in uPA"/' mice (Gyetko, 1996) and 
therefore agrees with the hypothesis that in vivo uPAR cleavage is required 
for cell migration. The data also indicate that uPA directly cleaves uPAR. 
However, it is still possible that cleavage be due to a different protease that 
however requires uPA for activation. Indeed, activation of MMP-2 and 
15 MMP-9 is deficient in uPA"/" mice (Carmeliet, 1997). We therefore 
hypothesize that the migration of T lymphocytes and monocytes/macrophages 
to sites of infection requires cleavage of uPAR by uPA, and that the activated 
uPAR in turn binds to and stimulates the FPRL1-LXA4R chemotactic 
receptor. A scheme recapitulating the mechanism is shown in (Figure 12). 
20 EXAMPLE 3 

Inhibition of uPA/ATF/uPAR chemotaxis by anti-FPLRl/LXA4R reagents. 

The specific response of FPRL1/LXA4R containing cells to 
D2D384-278 (Figure 10) strongly suggests that the G-protein-coupled 
FPRL1/LXA4R receptor is the mediator of uPA and "activated" 
25 uPAR-induced chemotaxis. To substantiate this hypothesis, we have used cells 
that contain several chemokine receptors, including FPRL1/LXA4R, and have 
tested whether specific antibodies to FPRL1/LXA4R inhibit ATF or 
D2D384-278 induced chemotaxis. 
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Materials and Methods 
Materials 

The anti-LXA4R/FPRL 1 antibodies (Fiore, 1995) were a generous gift 
of Dr. Mario Romano (Chieti, Italy) and Claries Serhan (Boston, Mass., USA). 
5 Cells 

THP-1 cells have been described before (Resnati, 1996). Monocytes 
were obtained by two rounds of centrifugation over Ficoll (1.077 g/1) and 
Percoll (Pharmacia Biotech.) gradients from peripheral blood of healthy 
volunteers. Briefly, heparinized blood was diluted 1:1 with PBS and 3 ml of 

10 Ficoll-Hypaque were layered underneath 10 ml of blood/PBS mixture. Upon 
centrifugation, the mononuclear cell layer was recovered, the cells were 
washed to remove any contaminating Ficoll, and monocytes were purified by 
Percoll gradients. The purity of the separated populations was determined by 
flow cytometry analyses with anti-CD 14 monoclonal antibodies. 

15 Results 

Human peripheral blood monocytes (PBM) and the leukemic monocytic 
THP-1 cell line express several chemokine receptors including the fMLP 
receptors FPR and FPRL1, but also respond to D2D3g8-279 in chemotaxis. 
PBM and THP-1 cells also express several other chemokine receptors, which 
20 include receptors that respond to the monocytes chemotactic protein- 1 (MCP- 
1), a receptor distinct from that of other chemokines, like fMLP (results not 
shown as reproducing data present in the literature). Cytofluorimetry shows 
that the employed cells indeed express uPAR and FPRL1 (not shown). 

As shown in Figure 13, both MCP-1 and D2D3g8-279 induce 
25 chemotaxis of fresh human monocytes. The activity of D2D388-279 is 
specifically blocked by anti-FPRL 1 /LXA4R antibody; however, the antibody 
has no effect on MCP-1. Thus the FPRL1 receptor is necessary to mediate 
uPAR-dependent chemotaxis. 
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As shown in Figure 14, the amino terminal moiety of uPA, ATF, as well 
as MCP-1 induce chemotaxis in THP-1 cells, as previously reported (Resnati, 
1996). Also in this case, the FPRL1/LXA4R antibody specifically blocked 
ATF chemotaxis, while having no effect on MCP-1 chemotaxis. 
5 EXAMPLE 4 

Specific antibodies to detect and quantitate "activated" uPAR fragments. 

The chemotactic D2D3 88-279 fragment of uPAR is generated in vitro 
by cleavage with chymotrypsin of a soluble form of uPAR (Fazioli, 1997) (see 
Figure 1). A form of uPAR containing domains D2 and D3 and starting at 

10 residue 84 has been identified in vivo: in vitro, uPA itself at physiological 
concentrations cleaves suPAR and cell surface uPAR at residue 84 (Hoyer- 
Hansen, 1997; Hoyer-Hansen, 1992; Sidenius, 2000). In addition, the 
synthetic uPAR peptide with the highest chemotactic activity encompasses 
residues 84-97 (Fazioli, 1997). It is possible therefore that the activation of 

15 uPAR in tissues is due to cleavage by uPA. Finally, the failure of uPA- 
deficient mice to cleave uPAR (see Figure 11) suggests that the migration- 
defective phenotype is due to the lack of cleavage. 

Since uPAR cleavage can "activate" uPAR conferring a migration- 
promoting phenotype, cleavage of uPAR therefore must confer an 

20 "inflammatory" phenotype to cells. However, cleavage in the linker region 
between domain Dl and D2 would have very different effects depending on 
where the cleavage occurs. For example, cleavage between residues 84 to 89 
would generate an "activated" uPAR, while cleavage between residue 89 
through 93 would destroy the activity. This is based on the finding that while 

25 peptides AVTYSRSRYLEC and SRSRY are active in chemotaxis-promotion, 
cleavage of the AVTYSRSRYLEC peptide with plasmin (which cleave 
immediately after the two arginine residues) destroyed the activity (data not 
shown). Clearly, the detection of the presence of "activated" uPAR and its 
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quantititive measurement (in blood, urine, cells or tissue fragments) with a 
simple assaya would be useful in evaluating the inflammatory state of an 
individual. However, current methods do not allow an easy evaluation of 
where uPAR is cleaved as they require protein purification and sequencing. 

5 Antibodies, however, can discriminate between very similar amino 

acids sequences or even sequences differing by one single residue. We have 
searched, therefore, for antibodies specific for "activated" uPAR fragments. 
Materials and methods 

Preparation of peptide 3 antiserum 

10 Peptide 3 (AVTYSRSRYLEC) (Blasi, 1997) was synthesized, coupled 

to keyhole limpet hemacyanin (KLH), and a rabbit antiserum generated by 
standard methods. The peptide-3 specific immunoglobulins were purified by 
affinity chromatography on peptide 3-Sepharose columns, by standard 
methods. 

1 5 Expression and purification of recombinant uPAR and uPAR fragments 

Full-length soluble uPAR (suPAR) was expressed in CHO cells stably 
transfected with a cDNA encoding aminoacid 1-278 of mature human uPAR 
and purified by affinity-chromatography on a column with R2 monoclonal 
antibody immobilized on CNBr activated Sepharose (Pharmacia) as described 

20 (Blasi, 1997; Fazioli, 1997). We have also employed similar recombinant 
fragments containing at their carboxy terminus the FLAG epitope (Prickett, 
1989). D2D3g8-278 and D2D3g7«278 were prepared by hydrolysis of full- 
length suPAR with chymotrypsin and MMP-12, respectively, followed by 
purification of the D2D3 moiety on the same column as described above. The 

25 recombinant proteins D2D384-278/FLAG and D2D3 92-278/FLAG were 
purified from the conditioned medium of transiently transfected COS7 cells 
and purified on a M2-affinity column (Sigma) according to the manufactures 
instruction. 
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Western blotting assays 

10 ng of purified suPAR, D2D3 88 . 2 78» D2D3 8 4_278/FLAG and 
D2D392-278/FLAG proteins were denatured under lightly reducing conditions 
and enzymatically deglycosylated using PNGase F (Boehringer) as described 

5 elsewhere (Dano, 1990). The deglycosylated proteins were separated by 15% 
SDS-PAGE and transferred to PVDF membranes using semi-dry electro 
transfer. After blocking in 5% non-fat dry milk, blots were incubated with 0.5 
ug/ml of a polyclonal anti-uPAR antibody recognizing all known forms of 
uPAR or with a 1:2000 dilution of the anti-Pep3 serum. The blots were 

10 washed, incubated with a secondary horse-radish peroxidase conjugated 
donkey-anti-rabbit antibody (1:5000, Amersham), washed, and developed 
using a chemoluminescent substrate (SuperSignal Dura, Pierce). 
ELISA assay 

NUNC maxisorb 96- well plates were coated ON with 1 ug/ml R2 
15 antibody diluted in coating buffer (0.1 M NaHP04, pH 9.6). The plates were 
washed three times with PBS-T (PBS containing 0.1% Tween 20) and blocked 
for one hour at 37 C with 2% BSA in PBS. Separate wells were incubated 
with the recombinant purified suPAR and D2D3 fragments generated by 
cleavage with chymotrypsin or MMP-12, and diluted to 10 ng/ml in dilution 
20 buffer (PBS containing 1% BSA). After incubation at 37 C for one hour the 
plates were washed and incubated for one hour at 37 C with either a 
polyclonal anti-uPAR antibody recognizing all forms of uPAR or the affinity 
purified anti-peptide 3 antibody, both diluted to 1 ug/ml in dilution buffer. 
After additional washing the plates were probed for one hour at 37 C with 
25 alkaline phosphatase conjugated mouse-anti -rabbit antibody (1:1000 Sigma), 
washed and developed with a chromogenic alkaline phosphatase substrate 
(pNPP, Sigma) as recommended by the manufacturer. Specific binding was 
determined by subtracting the absorbance observed in well receiving no 



SUBSTITUTE SHEET (RULE 26) 



WO 02/058714 PCT/EP02/00603 

35 

suPAR or suPAR fragments. The data are presented as the average (+/- SD) of 

a duplicate determination. 

Results 

To determine the specificity of the Peptide3 antibody, western blotting 
5 experiments were performed on suPAR and D2D3 fragments carrying 
different well-defined parts of the uPAR linker region. When blots were 
probed with the anti-Peptide3 antibody the D2D384-278 / FLAG> but not the 
suPAR, D2D3 8 8-278» or D2D3Q2-278/FLAG proteins, was efficiently 
recognized (Figure 15, left panel). This was not caused by different loading of 
10 the proteins on the gel as all recombinant proteins were equally well 
recognized by a polyclonal antibody directed against intact suPAR (Figure 15, 
right panel). Surprisingly, the anti-Peptide 3 antibody did not recognize intact 
suPAR (which obviously carries the entire linker region). This experiment 
demonstrates that the anti-peptide 3 antibody preferentially recognizes cleaved 
15 uPAR and that the epitope(s) recognized includes one or more of the 
aminoacids Ala84-Tyr87. Tt also suggests that the sequence 85-87 is buried in 
the intact uPAR and becomes exposed when uPAR is cleaved. 

These observations were confirmed using an independent in vitro 
binding (ELISA) experiment. In this assay suPAR and the different D2D3 
20 proteins are first captured using a monoclonal antibody (R2, which recognizes 
the carboxy termini of all suPAR forms, cleaved by a protease in vitro) 
previously adsorbed to plastic. In a second step the bound proteins were 
probed with the polyclonal (rabbit) antiserum directed against Peptide 3 or 
against intact uPAR. The bound rabbit antibodies were quantified using anti- 
25 rabbit enzyme-conjugated secondary antibody and a colorimetric detection. 
While the anti-uPAR antiserum recognized equally suPAR, chymotrypsin- 
cleaved suPAR and MMP-12-cleaved suPAR (Figure 16, panel B), the anti- 
peptide-3 IgG only recognized an MMP-12-cleaved suPAR (Figure 16, panel 
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A). Chymotrypsin cleaves uPAR at residue 87-88(Behrendt, 1991), while 
MMP-12 cleaves at residue 86/87 (data not shown). Therefore, the anti- 
peptide 3 IgG specifically recognize D2D3 fragments whose amino terminus 
carries at least residue 84, or residues 84-85 or residues 84-87 of uPAR, 

5 demonstrating therefore high discriminating ability among D2D3 fragments. 
When the data obtained with anti-peptide 3 and anti-uPAR antibodies were 
divided by one another, the ratio anti-peptide-3/anti-whole uPAR was 0.024 
with suPAR and 0.005 with chymotrypsin-cleaved suPAR. However,the ratio 
was 0.27 with MMP-12-cleaved suPAR (Figure 16, panel C). 

10 Overall the data demonstrate that the aminoterminal border of the 

epitope recognized by the anti-Peptide3 antibody is Tyr87 as D2D3 fragments 
generated by MMP12 (having Tyr87 as N-terminal aminoacid) are fully 
recognized, while D2D3 fragment generated by chymotrypsin (having Ser88 
as N-terminal aminoacid) are not. This experiment also demonstrates that a 

15 simple ELISA can be used to selectively detect specific forms of cleaved 
uPAR. 
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CLAIMS 



1 . The use of uPAR activators or of activated uPAR molecules for the 
preparation of a medicament for the treatment of HIV-infection. 
5 2. The use according to claim 1, wherein said uPAR activator is pro-uPA 
or a derivative thereof capable of binding and activating uPAR. 

3. The use according to claim 2, wherein said derivative is selected from 
the group consisting of: a) a mutant of pro-uPA in the active site, b) the pro- 
uPA amino terminal fragment and c) a fragment comprising the growth-factor 

10 domain. 

4. The use of pro-uPA or a derivative thereof according to claims 2-3, in 
combination with an anti-TNF-alpha antibody and/or TGF-beta. 

5. The use according to claim 1, wherein said activated uPAR is a uPAR 
fragment containing the YRSRY motif. 

15 6. The use according to claim 5, wherein the uPAR fragments are selected 
from the group consisting of peptides 84-279, 85-279, 86-279, 87-279, 88-279 
and 89-279, referred to uPAR amino acid sequence. 

7. The use according to claim 5, wherein the u-PAR fragments are 
selected from the group consisting of peptides AVTYSRSRYLEC, 

20 VTYSRSRYLEC, TYSRSRYLEC, YSRSRYLEC. 

8. The use according to any previous claims, for the treatment of acute or 
latent HIV-infections in HIV-infected individuals or in AIDS patients. 

9. A method for the screening of compounds useful for the treatment of 
HIV-infection, which comprises: 

25 a) selecting a compound able to modulate the pro-uPA/uPAR 

interaction, 

b) contacting said compound with a culture of Ul promonocyte 
cells in which HIV-production has been suitably activated, 
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c) determining any variations of virus replication 

10. A method according to claim 9, wherein the HIV-production by Ul 
cells is activated by their stimulation with TNF-alpha, IL-6 or IL-lbeta. 

1 1 . The use of antibodies against a u-PAR fragment according to claim 6 or 
5 7 or against the FPRLl/LXA4-receptor for the manufacture of a medicament 

for treating inflammatory conditions. 

12. The use according to claim 11, wherein said uPAR fragment is the 
AVTYSRSRYLEC peptide. 

13. The use according to claim 11, wherein the antibody is raised against 
10 peptide ASWGGTPEERLK in the third extracellular domain of 

FPRL1/LXA4R. 

14. The use according to claims 11-13, for the treatment of septic shock, 
rheumatoid arthritis, Crohn's disease, chronic arthritis. 

15. A method for the determination of activated uPAR from tissue, tissue- 
15 extracts, biological fluids, which comprises: 

a) preparing a sample of tissue, tissue-extracts, biological fluids; 

b) contacting that sample with an antibody against the 
AVTYSRSRYLEC peptide; 

c) determining the specific binding of the antibody. 

20 16. A method according to claim 15, which is in form of ELISA. 

17. A method according to claims 15-16, for the ex-vivo diagnosis or 
prognosis of pathologies involving uPAR activation. 

18. A method according to claim 16, for the diagnosis of cancer, AIDS and 
inflammatory diseases. 
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Figure 8A 
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Figure 8B 



SUBSTITUTE SHEET (RULE 26) 



WO 02/058714 



PCT/EP02/00603 



SHEET 10/17 




cq « — — i 1 ■ 1 — ■ — i— i ■ ■ — ■ — L Q 



o o 
o o 

10JJU03 jo % iuoijbjSt^ 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



PCT/EP02/00603 

SHEET 12/17 



WT uPA-/- uPAR-/- 




Figure 11 
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Figure 14 
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